Analysis of protein phosphorylation patterns reveals unanticipated complexity in T lymphocyte activation pathways.
Protein kinases are considered likely to play important roles in the still dimly understood process by which mitogens induce resting T lymphocytes to enter the cell cycle. Using two-dimensional electrophoretic analysis of lysates from orthophosphate-labeled cells, we have compared patterns of phosphorylation in freshly isolated murine splenic T cells exposed to three mitogenic agents: antibody to the epsilon-chain of the TCR CD3 complex, the plant lectin Con A, and a mixture of PMA and ionomycin, which together bypass the signal transduction apparatus to activate intracellular pathways. Of 14 phosphoproteins found whose level of phosphorylation was increased (at least fivefold) by anti-CD3 epsilon antibody, 13 also responded to the mixture of PMA and ionomycin. Surprisingly, however, only 5 of these 14 also responded strongly to Con A exposure. We also identified two substrates that were phosphorylated in response to Con A but not to anti-CD3. Phosphorylation patterns were also studied in T cells exposed to either PMA or ionomycin alone, to gain further insight into the role of protein kinase C and calcium-dependent events in the activation process. Of 16 phosphoproteins that responded to mixtures of PMA and ionomycin, 4 were shown to require the ionomycin signal, 2 to require the PMA signal, and 3 others to respond only when both activators were present; the other 7 responded to either agonist added alone. In addition, we found two PMA-sensitive phosphoproteins in which phosphorylation was inhibited by ionomycin induced calcium signals. Finally, we identified several phosphoproteins which show differential responsiveness in CD4+ and CD8+ T cells. Classification of kinase substrates based on their differential susceptibility to these stimuli should provide new insights into the mode of action of agents and diseases that affect T cell activation.